Data analysis in connection with the national geodetic satellite program /2/  Semiannual status report, Feb. - Jul. 1970 by unknown
I 
Department of Geodetic Science 
DATA ANALYSIS TN CONNECTION WITH THE NATIONAL 
,GEODETIC SATELLITE PROGRAM (E) 
Sixth Semiannual Status Report 
Period overed: February 1970 - July 1970 
&rch Grant No. NGL 36-008-093 
OSURF Project No. 2514 
Prepared for 
National Aeronautics and Space Administration 
Washington, D. C. 20546 
/ 
The Ohio State University 
Research Foundation 
Columbus, Ohio 43212 
August -~ 1970 
(' - 
Y (ACCESSION NUMBER) ITHRU) 
(CODE1 
37 
2 j e  
t (PAGES1 a 
2 
INA§A CR OR TMX OR AD NUMBER) ICATEOORYI 
https://ntrs.nasa.gov/search.jsp?R=19700026515 2020-03-11T23:38:13+00:00Z




2. ACCOMPLISHMENTS DURING THE REPORT PERIOD 
2.1 Experiments with SECOR Observations 
2. I1 Introduction 
These experiments concerned the use of the SECOR observations on 
GEOS-I taken from the Pacific Tracking Network. These are approximately 
60,000 of these range observations in the Data Center. This set of data pre- 
sents some interesting and unique problems, since it constitutes a geodetic 
network that is completely unattached to any other network. The SECOR 
Pacific Network was begun in Japan, with three stations on the Japanese 
Datum, and extended through the Pacific Ocean to the West Coast of the United 
States. Thus it was connected to major datums on both ends. However, 
observations on GEOS-I were only taken in the middle of the network, from 
Truk Island to Maui so that the network determined by the GEOS-I observations 
alone cannot be attached to anymajor geodetic datum. Furthermore, the pro- 
mary satellites for this network were the EGRS series of the U. S. Army Corps 
of Engineers, so that GEOS-I was not always fully observed when the primary 
satellites were available. This means that the network determined by the GEOS-I 
observations has some weak ties caused by an insufficient number of observations. 
As a further complication, the quality of a large amount of the data is 
questionable, since in its early days the SECOR system was plagued by ambi- 
guities , calibration e r rors  , and possibly unreliable determinations of ionospheric 
refraction. Theoretically, it is possible to determine station positions , orbit 
unknowns, and coefficients of observational e r ro r  models all in one simultaneous 
short-arc adjustment. However, all of our attempts to do this failed to converge, 
mainly because there were just too many unknowns and not enough a priori con- 
straints to afford a reasonably well determined solution. 
Thus we were essentially faced with a bootstrap operation: if one has 
fairly good station positions one can find and remove bad data; conversely, if 
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one has all good data a rigid geodetic network can be easily constructed. 
Having neither reliable data nor station positions we had to proceed in stages. 
2.12 Internal Adjustment 
As a first step it was necessary to find a set of data that was at least 
internally consistent. We performed many adjustments, often deleting, and 
sometimes adding, data, until we got a set of residuals that were reasonably 
small and fairly randomly distributed. In all of these adjustments it was nec- 
essary to impose only the minimum set of constraints necessary to define the 
coordinate system. Since we did not know the relative positions of any of the 
stations, any larger set of constraints would increase the residuals and mask 
the internal consistency of the data set. Also, since we did not know the geodetic 
position of any of the stations on any major datum, we were free to define the 
adjustment coordinate system arbitrarily. 
In the case of range observations, the minimum nurnber of constraints 
necessary to define the coordinate system is six: three to define the origin and 
three to define the orientation; the scale of the system is determined by the 
observations themsel-xes. 
At  first these constraints were realized by constraining the three 
coordinates of one station, two coordinates at a second station and one coor- 
dinate at a third station. We found that if the stations and the coordinates to be 
constrained were not selected with care, the coordinate system would be poorly 
defined, and this would result in poor e r ror  propagation characteristics, a weak 
network, and numerical difficulties. Later we found that the best way to define 
the coordinate system was to use the set of constraint equations called "inner 
adjustment constraints" [Rinner et. al, 19691. These equations essentially 
define the adjustment coordinate system by holding fixed the mean position and 
orientation of the network as obtained from the approximate coordinates of all 
the stations. When the problem is to arbitrarily define a coordinate system for 
the adjustment, and to do so in a way that  will result in the strongest network, 
the inner adjustment equations will give better results than any other minimal 
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set of constraints. 
After a great deal of trial and error ,  we obtained a set of coordinates 
for nine of the ten stations, from Truk Island to Midway Island, that was intern- 
ally consistent, yielding an estimated standard deviation of a single range obser- 
vation of slightly more than 5 meters. We were not able to extend the network 
to Maui with the GEOS-I data, since all of the GEOS-I data from Maui gave 
quite large residuals. Therefore, we requested and received EGRS-7 data 
from the U. S. Army Topographic Command to connect Maui to Kusaie, Johnston 
and Midway Islands. This data brought the estimated standard deviation up 
to about 8 meters. However, we felt that this was about the best set of data 
we could hope to get, since removing any of the data with the larger residuals 
would have ruined the geometrical integrity of the network. 
2.13 Connections to the North American Datum 
We were now ready to connect the network to the North American Datum. 
Although we did not have NAD coordinates for any of the SECOR stations, we 
were able to find several indirect ties by which such connections could be 
effected (Tables 5 and 6 ) .  
First, there was a BC-4 station on Maui. Since this station was part 
of the Worldwide Geometric Satellite Network, its NAD coordinates had been 
computed by and were available from ESSA. Both this BC-4 station and the 
SECOR station had been tied into the local survey system, so that their rela- 
tive coordinates were known and the NAD coordinates of the SECOR station could 
be inferred. 
Secondly, there was a PC-1000 camera on Johnston Island, at the 
same site that had been occupied by the SECOR station. This PC-1000 camera 
had observed PAGEOS, ECHO I, and ECHO I1 simultaneously with BC-4 cameras 
on Maui, Wake, and Christmas Islands [Huber, 19691. Since the three BC-4 
stations were tied to the World Net, coordinates of the Johnston PC-1000 could 
be determined on the North American Datum, as carried into the Pacific through 
the BC;-4 World Net. The observational data was obtained from ACIC and used 
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to determine NAD coordimtes of the PC-1000 camera, and the coordinates 
of the SECOR station were inferred from those of the camera (Table 5). 
Thirdly, a TRANET Doppler station was located on Midway Island, 
and both it and the Midway SECOR had been tied to the local survey system. 
The coordinates of the Doppler station on the Mercury Ellipsoid had been pub- 
lished as part of the NWL-8D solution. 
and using the relative position of the two stations, we were able to infer NAD 
coordinates for the midway Doppler. 
Performing a datum transformation 
This gave us three stations (Maui, Johnston, and Midway) at which 
the GEOS-I SECOR network could be tied to the North American Datum. Unfor- 
tunately, all three stations were at the eastern end of the network. Due to the 
cantilever effect of the e r ror  propagation, the station position determinations 
at the western end of the net were quite weak, especially in the vertical direc- 
tion. Therefore, more external information was brought into the adjustment 
in the form of geodetic heights for seven stations io the western part of the net. 
These geodetic h0ights were determined as follows: 1) A geoid map based on 
the latest SA0 gravity field was obtained from SAO. 2) Geoid heights at each 
of the SECOR stations were read from the map. 3) The reference ellipsoid 
for the geoid heights was transformed from a = 6378155m, l / f  = 298.255, to 
the parameters of the North American Datum, using the transformation para- 
meters OX = -27m, A Y  = 155m, AZ = 167m. 4) The leveled height of each sta- 
tion was added to the height of the geoid above the NAD to produce a geodetic 
height. Having been derived from a geoid map, these height determinations 
were quite uncertain. We estimated that 25 meters was a reasonable figure 
for the standard deviation of a single height determimtion and derived weights 
for the height constraint equations from this figure. 
relatively low weight, these constraint equations effectively nullified the can- 
tilever effect and greatly improved the determination of station positions at the 
western end of the network. 
Even though they had 
2.14 Results 
Two solutions are presented in Table 1. Both use a large amount of 
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Table 1: SECOR PACIFIC SOLUTIONS 
L 
Estimated Standard Deviation of a Single Range 8.6m 8.6m 
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Table 2: Solution Coordinates (meters) 
5401 
5402 
5403 
5404 
5405 
5406 
5407 
5408 
54 10 
5411 
GOCC #. Name 
Truk 
Swallo 
Kusaie 
Gizo 
Tarawa 
Nandis 
Canton 
Johnston 
hlidw ay 
Maui 
- 
- 
X 
Y 
z 
X 
Y 
z 
X 
Y 
Z 
X 
Y 
z 
X 
Y 
Z 
X 
Y 
z 
X 
Y 
Z 
X 
Y 
z 
X 
Y 
z 
X 
Y 
z - 
SP-5 
-5576035 
2984497 
822208 
-6097428 
1486310 
-1133415 
-6 0 745 15 
1854183 
583632 
-5805376 
2485135 
-833090 
-63279 06 
784398 
150640 
-6070 177 
270469 
- 19 33 025 
-6304289 
-917822 
-307267 
-6007958 
-1111399 
1823991 
-5618697 
-258347 
2997059 
-5467994 
-2381574 
2253010 
8 
20 
22 
35 
14 
27 
23 
13 
17 
23 
16 
27 
29 
11 
18 
17 
19 
35 
21  
16 
22 
15 
8 
9 
8 
15 
20 
21  
11 
12 
8 - 
SP- 6 
-5576033 
2984494 
822221 
-6097428 
1486315 
- 11%H08 
- .  
-6074515 
1854183 
583641 
-5805373 
2485138 
-893079 
-6327907 
784401 
150645 
- 607 0 17 8 
270479 
- 193 302 1 
-6304288 
-9 17814 
-307267 
-6007957 
- 11113 9 5 
1823990 
-5618698 
-258350 
2997058 
-5167988 
-2381566 
2253002 
- 
cr 
20 
24 
41  
14 
33 
27 
14 
20 
28 
16 
32 
35 
13 
22 
20 
19 
41  
23 
16 
26 
15 
6 
8 
7 
13 
13 
13 
9 
9 
10 
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c Table 6. Relative Positions from Local Surveys 
I 
From 
To 
5408 Johnston SECOR 
3475 Johnston PC-1000 
5411 . Maui SECOR. 
6011 Maui BC-4 
5410 Midway SECOR 
2724 Midway Doppler 
A X  AY AZ 
3.8 0.8 -1.2 
2002.5 -229- 1.8 -1vA5.6 
-882.6 1911.2 -1481.4 
Estimated cr 
in each 
coordinate 
1.0 
0.1 
0.2 
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SECOR GEOS-I data and some SECOR EGRS-7 data. Both use the height con- 
straints on the western stations. In solution SP-5 the NAD coordinates of 
Johnston and the directions inferred from the ACIC camera observations from 
Johnston to both Maui and Midway are constrained by weighted constraint 
equations, so that the scale of the solution comes from the SECOR observa- 
tions alone. In solution SP.6, the NAD coordinates of Johnston, Maui, and 
Midway are all constrained, so that these coordinates also contribute to the 
-scale determination. Significantly , distances determined by the SECOR 
observations alone differ only slightly from distances on the North American 
Datum, as extrapolated into the Paci-Eic through the BC-4 World Net and 
TRANET system. 
2.15 Future Plans 
Included is a list of the time spans of the data used in the SP-5 and 
SP-6 adjustments. The work being done at the present is to investigate the 
data that we were unable to use in our adjustments to see if it is possible to 
resolve ambiguities and/or calibration errors.  This is being done for two 
purposes : 
1. There are some quads in the network that could be strengthened if more 
good data were available. 
2. Since we now have some realistic station coordinates, an attempt is 
being made to resolve the ambiguities and calibration e r rors  through the use 
of an e r ro r  model in a short-arc orbital adjustment. 
At the present time there are 17 questionable passes that are long 
enough to be used in a short-arc adjustment. 
Time Spans of Date used in the 
Geometric Adjustments SP-5 & SP-6 
- Date From 
July 3, 1966 lh 3lm4OB 
July 2 6 ,  'I 18 55 24 
Aug. 6,  17 40 48 
To 
lh 37m 246 
19 02 08 
17 46 32 
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Date -
Nov. 17, 1966 
Nov. 5, " 
June 18, " 
June 26, 
June 28, 
July 19, " 
July 24, 
Nov. 5, 
Nov. 19, * *  
July 19, 
June 4, 11 
June 4, 
June 5, 
June 8, 11 
June 17, " 
June 19, 
June 20, " 
11 
11 
July 5, 11 
July 7, Tf 
July 9, 11  
1 1  July 9, 
July 10, 11 
July 11, 
July 12, If 
July 14, " 
July 15, " 
July 16, " 
July 16, 
July 17, 
July 17, 
July 21, 
July 22, 
July 23, 
July 23, 1 1  
July 23, 
July 24, 
July 24, 
July 25, 
July 19, 
Nov. 20, 
Nov. 22, 
Nov. 23, 
Nov. 24, 1 1  
From 
17h 48" 04' 
2 1  06 08 
4 38 56 
14 06 48 
3 12 08 
20 36 24 
20 58 44 
14 57 24 
17 57 20 
20 35 44 
7 55 12 
18 43 28 
18 50 36 
6 00 20 
15 30 04 
4 44 04 
4 46 24 
1 40 32 
23 53 16 
10 5 1  12 
2 1  59 28 
0 01  28 
11 '02 16 
11 03 20 
22 22 32 
22 19 16 
9 17 44 
22 24 00 
9 20 08 
22 30 04 
20 43 24 
20 44 24 
7 40 44 
18 47 00 
20 56 56 
7 46 44 
18 50 24 
18 55 24 
20 41  40 
18 05 16 
18 10 56 
16 14 44 
16 19 28 
To 
llh 52' 00' 
2 1  12 12 
4 42 48 
14 09 44 
3 19 52 
20 40 32 
2 1  05 28 
15 00 00 
18 0 1  24 
20 4 1  00 
7 55 12 
18 50 40 
18 50 40 
6 02 56 
15 33 16 
4 46 44 
4 54 24 
1 48 28 
23 58 32 
10 5 1  16 
2 1  59 28 
0 09 48 
11 02 16 
11 03 20 
22 22 36 
22 29 48 
9 20 20 
22 29 16 
9 25 28 
22 35 24 
20 48 44 
20 52 20 
7 40 48 
18 47 00' 
20 59 36 
7 49 24 
18 53 04 
18 55 24 
20 42 16 
18 10 32 
18 16 12 
16 14 44 
16 22 08 
-
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Date -
Nov. 25, 1966 
Nov. 26, I' 
Nov. 27, 
To 
16h 22" 24' 
From -
16h 22" 24' 
16 28 04 16 33 20 
16 31 20 16 36 36 
EGRS-7 Data 
Dec. 18, I' 
Dec. 20, 
Dec. 21, 
Dec. 22, 
Dec. 24, 
Dec. 27, I *  
16 07 40 16 12 40  
15 39 03 15 45 43  
14 05 47 14 06 27 
15 12 22 15 16 37 
14 39 '00 14 43 45 
15 21 16 15 25 00 
2 . 2  Satellite to Satellite Tracking 
Activity on this project during this reporting period has consisted of 
detailed problem definition and the preparation of computer programs for 
performing numerical simulations. 
Investigations described in the previous semiannual report indicated 
that the range rate between two satellites could not be used as a direct measure- 
ment of the difference of geopotential at their respective locations, since only 
one component of the total relative velocity vector can be observed. On the 
other hand, it appears intuitively obvious that the instantaneous range rate 
between two satellites is more sensitive to the irregularities in the gravity 
field than the integrated position difference. Thus, in order to separate the 
components of the gravity field, it becomes necessary to observe range rate on 
many orbits over a given area, with the satellites in somewhat different config- 
urations. The need for many orbits leads to a redundancy of data, so that the 
standard least squares algorithm is the appropriate method of solution. It is 
not yet clear whether the different configuations of the satellites required will 
necessitate satellite orbits of several different inclinations and thus several 
satellites. It may be possible to use only two satellites in orbits of the same 
nominal inclination, but configured so  that one satellite is ahead of the other 
during one pass, above the other on another pass, and moving roughly parallel 
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to the other on a third pass. 
An important consideration in any discussion of the determination of 
the gravity field is the mathematical method by which the gravity field is 
represented. The most popular method in satellite gravimetry is the spheri- 
cal harmonic series. However, this is not appropriate for satellite to satel- 
lie tracking, since the spherical harmonic series smooths out those local 
irregularities for which we are  looking. In its detailed structure, gravity is 
not really a phenomenon composed of frequency components, and the harmonic 
analysis is not really appropriate. 
sisting of some phenomenon of the gravity field in some convenient sized blocks 
on the surface of the earth or  on the geoid, is more appropriate. The main 
advantage of a local representation is that the blocks in some areas can easily 
Therefore, a local representation, con- 
be made smaller to represent the greater amount of detail available for those 
areas. The most useful phenomenon to use is the gravity anomaly, since this 
is most familiar to geodesists and geophysicists. On the other hand, the use 
of gravity anomalies for computing satellite orbits is cumbersome, since it 
is necessary to compute the derivatives of Stokes' function [Obenson, 19701. 
Therefore we have decided to represent the gravity field by the density of a 
fictitious layer spread on the surface of the earth. This representation has 
the advantage that it is relatively easy to  compute the gravitational force 
acting on the satellite. Furthermore, it is convenient to separate the gravity 
field into a normal component represented by a known spherical harmonic 
series of low degree, and an unknown disturbing component, represented by 
the surface layer [Koch and Morrison, 19701. This has the advantage of mak- 
ing the value of the density in the surface layer be everywhere small, so 
that a value of zero is a reasonable first approximation and the need for an 
iterative solution is obviated. 
In our computer programs the satellite orbits will be integrated numer- 
ically. The equations of motion are in the CoweU form, and a fourth order 
modified Hamming predictor-corrector method is used for the integration. The 
method of generating observation equations consists of the following: 
1. A "true" orbit for each satellite is integrated using both the normal 
component of the gravity field and the disturbing surface layer. The range rate 
between the two satellites is computed at each step. 
2. A +eference" orbit is generated for each satellite using only the nor- 
mal component of the gravity field. The variational equations for the state 
transition matrix and the parameter sensitivity matrix are also numerically 
integrated along with the orbit. The coefficients of the observation equations 
are computed at convenient intervals and the misclosure term is computed by 
comparing the range rate between the two satellites in the 9 r u e f t  orbits with 
that in the If reference" orbits. The unknowns in the observation equations are 
the orbit elements and the mean densities of the surface layer. 
Our first series of simulations will attempt to simulate recovery of 
the mean surface layer densities of 92 5Ox 5' blocks in North America. The 
normal field will consist of the 1969 Smithsonian Standard Earth field truncated 
at degree and order (12, 12) [Gaposchkin and Lambeck, 19701. The values of 
the mean densities in the surface layer to be used to generate the Wue"  orbits 
have been computed from 5 O x  5' mean free air anomalies. 
The main purpose of our experiments will be to try to determine the 
amount of detail that can be resolved in the gravity field with reasonable assump- 
tions as to satellite altitude, tracking accuracies, etc. Depending on the results 
of the experiments with the 5Ox 5' blocks, we will next attempt to recover the 
mean densities in either smaller o r  larger blocks. 
2.3 Range and Range Difference Investigations 
During the reporting period a great amount of time was devoted to 
theoretical analysis of adjustments using ranges alone: namely how to detect 
singularity and to avoid it. In substantial part networks of ground stations and 
satellites are being delt with, where all the ground stations lie in a plane. This 
often arises in practice, at least approximately when the ground net extends 
on a relatively small territory. If we detect irregularity in theory with ground 
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stations considered exactly 5n a plane, we have detected the source of ill- 
conditioning in practice where this condition is fulfilled only approximately. 
The irregularity can of course be removed by fixing more than six coordinates, 
i. e .  , by using more than a minimal set of constraints which is six for ranges 
(three for orientation and three for the position of the cluster of points with 
respect to a coordinate system). In this investigation only six constraints 
were used most of the time and these were the "inner constraints" described 
in Professor Rinner's "Systematic hvestigatieas of Geodetic Metwmks in Space. f 1  
They also were mentioned and used at an earlier date. When observing ranges 
from ground stations to satellites emphasis was put on cases where only four 
ground stations observe simultaneously as it is in SECOR observational mode. 
The whole investigation will be soon completed. The main results are pre- 
sented here in three groups: 
A. ground stations not in a plane, 
B. ground stations in a plane with at least three stations observing 
all the sateUite positions, 
C. ground stations in a plane observing as in practical cases, i. e. 
in quads; no three stations observe all the satellite positions 
(e. g .  "leapfrogging"). 
2.31 Case A 
If four ground stations do not lie in a plane,each quad can be solved 
for separately. The further they are from a plane the  better the results obtained 
are likely to be, as illustrated in Table 6 in the Fifth Semiannual Statue Report, 
February 1970. Singularity for a quad would occur in two cases. First, this 
occurs when all the satellite positions lie in a plane containing a ground station, 
which would always happen if they all lie on a straight line. This is approxi- 
mately the case when only one satellite pass is observed. Secondly, singular- 
ity occurs when all four ground stations and satellite positions lie on a second 
order surface. This surface was computed using defining equations for singular- 
ity and also froin the condition that nine points define a second order surface. 
18 
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In both cases exactly the same results were obtained computationally and 
verified in adjustments. When the tenth and additional points (satellite posi- 
tions) lay on that surface, the normal equations (augmented with inner con- 
straints) were not invertible and the whole problem was singular. When one sat- 
ellite point moved away from this critical surface, the singularity was removed 
and the results progressively improved. With all quads non-singular (this not 
being a necessary condition), the whole network can be solved as well. 
2.32 Case B 
Consider all ground stations in a plane. If there a re  less than six 
ground stations altogether, the system is always singular no matter how many 
stations observe simultaneously. Let us take a case with more than five ground 
stations in a plane and three of them observing all the satellite positions, while 
four stations always observe simultaneously (e. g. stations numbered 1,2,3; 4, 
then 1,2,3; 5, then 1,2,3; 6,  etc., observe simultaneously). 
Singularity occurs in the three cases. 
1. Singularity occurs if all the satellite positions observed from any ground 
station lie in a plane with that station. (This would happen every time when 
all the satellite positions observed from one quad were on a straight line, o r  
approximately, if that quad observed satellites on one pass only. ) 
2. Singularity occurs if there are less than three quads which observe such 
satellite points that they do not lie in. a plane. (This happens when all the satel- 
lite points a re  at the same altitude above the plane of ground stations in which 
case no quad observes satellites 'foff-planetf, o r  approximately, if the same 
satellite is observed on different passes. 
satellites are needed at different altitudes. ) 
This suggests that at least two 
3. Singularity occurs if all the ground stations in a plane lie on a second 
order curve (ellipse, hyperbole, parabola) or degenerated cases of such(i. e. 
two intersecting lines, two parallel lines , two coincident lines). 
This critical curve was computed from the defining equations for 
irregularity and from the condition that five points determine a second order 
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curve. Both results were proved to be identical analytically and verified in 
adjustments. When the sixth and additional ground stations laid on that curve, 
the whole problem was singular. When one ground station moved away from 
this critical curve, though still remaining in a plane with all the other stations, 
the singularity was removed and the results were getting progressively better. 
2.33 Case C 
Consider now that no three ground stations observe all the time. 
The efforts are being ma'de to show That the system is not singular (under cer- 
tain conditions) provided the corresponding system with three ground stations 
observing all the time is non-singular. Thus, the results for the case inves- 
tigated earlier would apply here as well. 
In some cases this hypothesis was proved to hold (namely for six 
ground stations and unique solution rather than L. S. solution) and it is expected 
that it will soon be proved for more general cases. Numerical results also in- 
dicate that the above hypothesis holds in general. Computations with six and 
seven ground stations in a plane using case B (three ground stations observing 
all the time) and C ("leapfrogging") gave not only singular o r  non-singular 
results in corresponding cases, but when the problem was non-singular for 
the same distribution of ground stations and satellite positions , then T r  (f '), 
indicating the "goodness" of a solution, also was quite similar for B and C. 
All the derivations and the results indicate that it is possible to have 
all observing stations exactly in a plane and the singularity to be avoided. 
6 i m i  1 a rly , with the ground stations near a plane, ill-conditioning may be 
avoided, which is of practical significance. 
, ' a  __ -- -? 
2.4 Investigations Related to the Problem of Improving 
Existincr Triangulation Systems by Means of Satellite Super- Control Points 
Geodetic triangulation has been accepted as an accurate method of 
determining "precise" coorinates for the triangulation stations of relatively 
short chains. This accuracy is questionable when the chains are 1000 h i  o r  
20 
longer, as systematic errors ,  like lateral refraction which cannot be elimi- 
nated by adjustment methods , accwnulate. 
Lately the question has been raised whether any significant incre- 
ment to accuracy is "cascadedff from a 1:l million 1000 km net (Super Con- 
trol  Net) through a 100 km net to local control over 10 km distances. 
The objectives of this investigation are: 
1. To evaluate the improvement in accuracy of First-order Triangulation 
Net by Satellite Control Points, and subsequently the improvement in accuracy 
of the local geodetic control (10 km side lengths), which is used by local sur- 
veyors for property, engineering surveys , etc . 
2. To evaluate the improvement in accuracy of First-order Triangulation 
&t and that of the local geodetic control by Transcontinental Traverse. 
3 e To evaluate the improvement in accuracy of First-order Triangulation 
Ket and that of the local geodetic control by using both the Satellite Control 
Points and the Transcontinental Traverse together. 
For the purpose of present investigation the triangulation of the western- 
half of the U. S.A. has been considered as this is more accurate than that of the 
eastern-half of the U. S. A. [Simmons , 19501. The e r ror  analysis study will be 
first made on the two chains, one from Moses Lake, Wash. to Chandler, Minn. , 
and the other from Chandler, Minn. to Austin, Texas; the four end stations of 
these two chains are also Satellite and/or Transcontinental Traverse Stations. 
The required data for this analysis was requested and has been recently received 
from USC & GS. In this period a study of different methods was made so as to 
achieve higher accuracy. Due to comparatively short distances between two 
geodetic stations the same equations as given by Sodano for computing the cor- 
responding spherical a r c  is used in Helmert-Rainsford Inverse Problem Solu- 
tion [Sodano, 19631. For adjustment and er ror  analysis of chains variation of 
coordinate method will be used, for which necessary programs are being devel- 
oped. 
The second step will be to conduct e r ror  analysis study of the whole 
western-half triangulation net with four Satellite and/or Transcontinental Traverse 
21 
Stations equally distributed along the periphery of the geodetic net. As the 
coefficient matrix is sparse and a huge storage space will be needed, the 
two iterative methods, namely conjugate gradient method and Gauss-Seidel 
method as well as the direct method by triangulation decomposition are 
under study. 
2.5 Analysis of Latitude Observations 
for Detection of Crustal Movements 
The phenomenon of variation of the astronomically determined lati- 
tude at a place is well known. Astronomic latitude is observed at the five 
stations of the International Polar Motion Service (IPMS) frequently and in an 
uninterrupted program. The primary role of these stations is to monitor the 
terrestrial  position of the earth's instantaneous rotation axis. For this purpose 
the stations are located at nearly the same latitude and a re  well distributed in 
longitude so that the same stars can be observed and the derived cooridnates 
of the pole can be freed of errors  in star coordinates. 
The data published by the IPMS (called the International Latitude Ser- 
vice prior of 1962) provides a source for investigations into all aspects of the 
phenomenon of variation of latitude. 
The purpose of this investigation is to analyze the published data of a 
latitude station to find evidence, if any, of sudden short-term changes in lati- 
tude at a station, and to find to what extent these are compatible with the geo- 
physical phenomenon of earthquakes. The investigation is confined to the 
latitude station Ukiah. Data for the years 1962-66 has been taken up for analysis 
in detecting sudden changes in latitude. 
Steps were also taken to analyze the published data from all five sta- 
tions to study the secular variation in latitude and its compatibility with the 
geophysical phenomenon of continental drift. 
The results of these investigations will shortly be available in Report 
No. 139 of the "Reports of the Department of Geodetic Science, 'I  OSU. 
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2.6 Data Acquisition 
During this past six-month period, data 
Data Center and directly from several agencies. 
has been requested from the 
The following is a brief 
review of the requests. 
Type of Data Agency 
SECOR (EGRS-7) AMS 
SA0 Camera SA0 
C-Band NASA/Wallops 
French laser Data Center 
BC-4 Data Center 
2.61 SA0 Optical Data 
Received Date Expected 
X 
X 
X 
? 
? 
Prior to the departure of Dr. Kurt Lambeck from the Srnithsonian 
Astrophysical Observatory, a t r ip  was made to Cambridge to get a copy of the 
simultaneous optical data that was used in the computation of the Geodetic 
Parameters for a Standard Earth. 
Though this data was apparently deposited in the Data Center, a direct 
approach to SA0 was necessary since requests through the Data Center proved 
to be fruitless. 
2.62 C-Band Radar 
C-Band Radar data has been received from NASA/Wallops. This is 
data from 22 different C-Band Radars tracking GEOS-2 during the period Jan. 27, 
1969 to Feb. 18, 1969. This data was on 16 magnetic tapes. 
In addition to the range observation, the azimuth and elevation were 
given for each time point. These were on a separate observation cord that 
was always located after the range observation. Rather than duplicating the 
tapes record for record, it was decided to copy the range record as it is, 
which is an 80 character cordimage, but to record only the azimuth and eleva- 
tion and record it as the 81st through 100th character of the range record. In 
this way we would have the components of the total vector in a single record, 
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and the total number of records is just half of the number in the original 
data. There are 167,709 of these 100 character total vector observations. 
They were blocked on the new tapes with a blocking factor of 10, at a density 
of 800 BPI and each of the original tapes were recorded as one file. We 
were able to copy eight of the original tapes onto one of the new nine channel 
tapes. 
2.63 USC & GS BC-4 Data 
Action wits initizted to change the format ~aBd type of +he BC-4 data 
to be deposited in the Data Center (see attached letter). Unfortunately to date 
no positive action has been taken to fill this request. Unless this situation 
is changed in the near future the fulfillment of the geometric goal of the NGSP 
is in serious jeopardy. 
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March 6, 1970 
Mr.  Jerome D. Rosenberg 
NASA Headquarters Code SCD 
400 Maryland Avenue, S. W. 
Washington, D. C. 20546 
Dear  Mr .  Rosenberg: 
This letter is in response to our telephone conversation last week in 
which you mentioned that you are trying to scrape up some money to help 
the Coast and Geodetic Survey deposit the data from the worldwide net in 
the Data Center. 
As you are aware, the format in which the BC-4 data is deposited in 
the Data Center was agreed upon years ago when we had no or  very little 
experience in data processing, and it was assumed that the adjustment 
performed by the CGS would be based on single fictitious images generated 
from each of the plates. The agreement was that the CGS would give the 
right ascensions and declinations of every single satellite image on each of 
the plates (some 400 images per plate). For practical reasons it was not 
specified that the variance-covariance matrix, which is useful for estab- 
lishing possible correlations between the right ascensions and declinations 
and other statistics should also be provided. 
Since the CGS is not using the right ascensions and declinations of all 
the images in their adjustment, these are computed only for the Data Center 
at additional cost. Our experience with the BC-4 data taught us that the old 
information is insufficient for accurate work and that there are better forms 
in which the data could be deposited and used more accurately and effectively 
in the adjustmtnet. Since OSU is going to be a major user of BC-4 data and 
since no new data has been reduced by the CGS and thus forwarded to the 
Data Center yet, I request that the BC-4 data in the future be deposited in 
the following two forms: 
(1) The plate coordinates of each image be given exactly as they are  
put out by the comparator program of the CGS together with the plate constants 
determined for the individual plates and their variance-covariance matrices. 
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(2) The final 5-7 fictitious simultaneous directions for each plate as 
computed by the CGS be given with the appropriate statistics indicating the 
variances and covariances. 
Both data become readily available in the course of the regular 
computations performed by the CGS. Thus they can be provided to the Data 
Center with very little additional effort and delay. If the NASA funding could 
be made available, then my understanding is that the data could start to flow 
in Apri l  1 at the rate of 50 events per month. Thus data for the whole network 
could be in the Data Center in about 20-26 months. 
I urge very strongly that the above recommendations be initiated as 
soon as possible. I have discussed this whole matter with Dr.  Schmid, and 
he does not foresee m y  difficulties but urges a quick decision on what they 
should be providing. 
I want to emphasize again that only the new type of data can be used 
correctly in network adjustments. The adjustment of the old type of data would 
include the assumption that the satellite images on the plate are not correlated. 
This assumption might be correct when working with PC-1000, MOTS, and 
Baker-Nunn data of single o r  of few (flash) images, but it could lead to serious 
e r rors  in the case of data obtained from cameras utilizing chopping shutters, 
resulting in a great number of images across the plate. 
Sincerely yours, 
Ivan I. Mueller 
Professor 
IIM:rt 
c Dr. H. Schmid 
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